Prospects for the search for Higgs bosons with vector boson fusion
  processes at the LHC by Rottlaender, Iris
ar
X
iv
:0
70
5.
27
09
v2
  [
he
p-
ph
]  
20
 M
ay
 20
07 PROSPECTS FOR THE SEARCH FOR HIGGS BOSONS WITH
VECTOR BOSON FUSION PROCESSES AT THE LHC
I. ROTTLA¨NDER
Physikalisches Institut, University of Bonn, Nussallee 12,
53115 Bonn, Germany
The search for the Higgs boson is one of the main physics goals of the Large Hadron Collider
(LHC) and its two multi-purpose experiments, ATLAS and CMS. Vector boson fusion is the
second largest production process for a standard model Higgs boson at the LHC and offers
excellent means for background suppression. This paper gives an overview of the prospects of
Higgs boson searches using vector boson fusion at the LHC. For a standard model Higgs boson,
the decay channels H → ττ , H → WW and H → γγ are discussed. The discovery potential in
the framework of the MSSM is summarized.
1 The Large Hadron Collider
The Large Hadron Collider (LHC) is a proton-proton collider, which is currently being build at
CERN, Geneva. The first physics run at the design center-of-mass energy of 14 TeV is expected
for 2008. At first, the LHC will operate at low luminosity (2·1033cm−2s−1) and will later increase
its luminosity to the design value of 1034cm−2s−1. ATLAS1 and CMS2, the two multi-purpose
experiments at the LHC, are designed to investigate a wide range of physics.
2 Vector boson fusion (qqH-production)
In the vector boson fusion process, two weak bosons are radiated off the incoming quarks and
merge to give the Higgs boson. Vector boson fusion is the second largest production process
for a standard model Higgs boson at the LHC.3 It has a clear signature which can be used to
efficiently suppress the background.
2.1 Tagging Jets
One of the most characteristic features of vector boson fusion processes are the tagging jets that
are produced from the quarks that are scattered off the merging heavy vector bosons. These jets
typically have high pT and lie in different hemispheres in the forward- and backward region of
the detector.4 Very forward jets may not be fully contained in the calorimeter, but partially lie in
the beam pipe. Moreover, underlying event a and pile-up b lead to additional energy depositions
in the calorimeters. A reliable performance and good understanding of the forward calorimeters
as well as efficient energy clustering and jet finding algorithms are therefore needed [Fig. 1].
aAdditional interactions from the same proton-proton collision as the hard event.
bEvents from other proton-proton collisions than the hard collision, which might also arise from a later or
earlier bunch crossing. For the low luminosity phase, two to three collisions per bunch crossing are expected.
Figure 1: Efficiency for reconstructing a tag jet
with pT>20GeV from a parton with pT>20GeV
at ATLAS.6 Calorimeter coverage ends at η = 5.
Figure 2: Central jet veto efficiencies for four back-
ground processes and the H → ττ -signal for eight
pT-cuts on the central jet (pT<10,15,...45GeV, cor-
responding to the eight signal efficiencies) at CMS.9
2.2 Central Jet Veto
The decay products of the Higgs boson typically lie in the central detector region.4 Since there
is no colour flow between the quarks in the vector boson fusion process, jet production in the
central region is suppressed. In contrast, central emission is favoured in QCD interactions which
constitute important background processes at the LHC.4,5 A veto on additional jets in the central
region is therefore a powerful discriminant between vector boson fusion and QCD background
processes such as tt¯-production [Fig. 2].2,6
Underlying event and pile-up may produce jets in the central region that do not originate from
the vector boson fusion hard interaction. This may considerably alter the performance of the
jet veto. A good understanding of underlying event and pile-up levels is crucial for this reason.
Because of the large uncertainties of forward jet tagging and the central jet veto in the presence
of pile-up, all analyses presented here assume the low luminosity case.
3 Search in the H→ ττ decay mode
The H→ ττ channel 6,9 allows access to a Higgs boson-fermion coupling in the decay. At
the LHC, this is in the standard model otherwise only possible in the H→ bb¯ mode, which is
experimentally challenging.2,7 For masses of the Higgs boson below mH = 140 GeV, its branching
ratio to a τ -lepton pair is around 4-8% but drops at higher masses when the decay to heavy vector
bosons opens up.8 For triggering, at least one high-pT lepton in the final state is needed. For this
reason, the decay chains H→ ττ → lh + 3ν and H→ ττ → ll + 4ν are considered. The main
background process is irreducible Z→ ττ -production from strong and electroweak processes.
Figure 3: Reconstructed Higgs boson mass for
H→ττ→lh after analysis cuts at CMS (30fb−1).9
Figure 4: Transverse mass distribution for
H→WW→eµ after analysis cuts at ATLAS.6
Also tt¯-production and WW-production in association with jets contribute.
In spite of the neutrinos in the final state, the reconstruction of the Higgs boson mass is possible
by use of the collinear approximation.10 Since the τ -leptons obtain a large Lorentz boost due
to the large mass and pT of the Higgs boson, their decay products are emitted roughly in the
direction of the original τ . Exploiting momentum conservation in the transverse plane yields
the 4-momentum vectors of the two τ -leptons and thus the Higgs boson invariant mass [Fig. 3].
This channel is promising for a 5σ-discovery in a mass range of about 120 to 135 GeV with
30fb−1. 6,9 The Higgs boson will not be observable in this decay mode in inclusive searches.
4 Search in the H→WW decay mode
The H→WW channel 6,11 gives clean access to the Higgs boson coupling to W-bosons both
in production and in decay. The branching ratio rapidly increases with the Higgs boson mass
and reaches values over 96% at masses around mH ≈ 170 GeV. It drops to about 70% when the
decay to the heavier Z-boson opens up.8
The semileptonic H→WW→ lνjj and the purely leptonic H→WW→ lνlν decay modes pro-
vide the required lepton for triggering. Especially for the semileptonic mode, large background
contributions have to be suppressed. These include tt¯, W, Z, WW and ZZ-production in asso-
ciation with jets as well as QCD multijet production.
Since Higgs boson masses near the production threshold of the W-boson pair are considered, the
decay products of the Higgs boson have relatively low pT. The collinear approximation is there-
fore not usable. Instead, the transverse mass MT =
√
2 pT,ll pTmiss(1− cos∆φ) is calculated
[Fig. 4].6 In case of the H→WW→ lνjj -decay, the Higgs boson mass can also be reconstructed
by using the known W-boson mass as an input.11
With a cut analysis method, this channel is promising for a 5σ-discovery in a mass range of 125
to 190 GeV with 30fb−1. Only 5fb−1 are needed in the mass region of 150 to 190 GeV.6
5 Search in the H→ γγ decay mode
The branching ratio of the standard model Higgs boson to two photons is at most 0.22% at
mH ≈ 125 GeV.
8 However, this decay channel has an excellent Higgs boson mass resolution.
The main background is photon production in association with jets. Processes with final state
electrons and jets contribute if these particles are misidentified as isolated photons.
To achieve a final mass resolution of σγγ=0.7%
12, it is necessary to reconstruct the Higgs boson
vertex to reduce the photon direction uncertainty. An efficient method for vertex reconstruction
is to determine the longitudinal position of the highest pT track in the event.
12
Using a cut analysis method, a significance of 2.5σ can be achieved for a Higgs boson mass of
120 GeV with 30fb−1. 12 As a discovery channel, vector boson fusion H→ γγ is not competitive
with the inclusive mode which reaches significances above 5σ.1,2
6 Higgs bosons of the Minimal Supersymmetric Standard Model (MSSM)
The MSSM features two SU(2) Higgs doublets with a total of five observable states, two neutral
CP-even, one neutral CP-odd and one charged Higgs boson. The Higgs sector can be described
at tree level by two parameters, which are usually chosen to be the mass of the CP-odd Higgs
boson, MA, and the ratio of the vacuum expectation values of the two Higgs doublets, tan β =
v1
v2
.
Only the CP-even Higgs bosons can be produced in vector boson fusion. At 30fb−1, at least one
of these Higgs bosons will be observable over the entire MA-tan β plane in the m
max
H
, no-mixing,
Figure 5: Discovery potential for a standard model
Higgs boson in different search channels at ATLAS.1
Figure 6: Discovery potential for a standard model
Higgs boson in different search channels at CMS.2
small αeff and the gluophobic benchmark scenario.
13,14 Inclusive searches need higher integrated
luminosities for complete coverage of the MA-tan β plane.
13
7 Conclusions
Vector boson fusion offers an outstanding discovery potential for the standard model Higgs
boson, especially in the low mass region between the LEP limit of 114.4 GeV 15 and 190 GeV
[Fig. 5, 6]. In the supersymmetric framework of the MSSM, vector boson fusion processes have
an excellent discovery potential over the whole parameter plane.
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